A polyphasic taxonomic study was carried out on strain EBR-4-2 T isolated from a biofilm reactor in Korea. Cells of the strain were Gram-stain-positive, non-spore-forming, non-motile and rod-shaped. Comparative 16S rRNA gene sequence studies showed the clear affiliation of this strain to the Actinobacteria, and it had the highest pairwise sequence similarities with Actinotalea suaedae EGI 60002 T (98.7 %), Actinotalea ferrariae CF5-4 T (96.3 %) and Actinotalea fermentans DSM 3133 T (96.2 %).
Phylogenetically, the genus Actinotalea has an evolutionary lineage within the family Cellulomonadaceae in the class Actinobacteria. Yi et al. [1] established the genus Actinotalea when reclassifying Cellulomonas fermentans [2] based on the quinone system and phylogenetic analysis. The genus consists of three validatly named species (www.bacterio.net/index.html) according to the List of Prokaryotic Names with Standing in Nomenclature [3] . Actinotalea fermentans [2] was isolated from a municipal dumping ground, Actinotalea ferrariae [4] from an iron mine and Actinotalea suaedae [5] from the halophyte Suaeda physophora. The members of the genus Actinotalea accommodate aerobic or facultatively anaerobic growth and are Gram-stain-positive, non-motile and coryneform rods exhibiting polymorphism. The peptidoglycan type is A4b containing L-Orn-D-Asp for A. fermentans or L-Orn-D-Ser-DAsp for A. suaedae and A. ferrariae. They have menaquinone MK-10(H 4 ) as the major respiratory quinone, and the DNA G+C content is 72.3-76.0 mol% [1, 2, 4, 5] . Herein, we describe a novel aerobic bacterial strain (EBR-4-2 T ) that was recovered from a sludge sample of a biofilm reactor (ECOVI-SION), which was used for toxic wastewater treatment [6] .
Phylogenetic analysis of the 16S rRNA gene sequences showed that strain EBR-4-2 T was closely related to members of the genus Actinotalea. Based on the results of the polyphasic taxonomic investigation, we propose that strain EBR-4-2 T represents a novel species of this genus.
For bacterial isolation, sludge samples taken from a biofilm reactor were initially diluted serially with saline solutions (0.85 %). The sub-samples of the suspended material were aseptically transferred and spread onto modified 1/10 R2A agar ( The Gram reaction test was done with a Gram-stain kit (Becton Dickinson) following the manufacturer's instructions. Oxidase activity was tested with 1 % tetramethyl-pphenylenediamine [7] , and catalase activity was assessed with 3 % H 2 O 2 solution. Cell morphology was examined under a phase-contrast microscope (Nikon Optiphot, 1000Â magnification) and transmission electron microscope (Philips CM-20) after negative staining with 1 % (w/v) phosphotungstic acid. Motility was checked by observing the bacteria in a wet mount with a phase-contrast microscope. The temperature growth range was investigated on R2A agar at different temperatures (4, 8, 10, 15, 20, 25, 30, 37, 42, 47 , 55 and 60 C). The pH growth range (pH 5-10 at intervals of 1 pH unit) was investigated in R2A broth, and different buffer systems were used as previously described [8] . The growth ranges and the optimal temperature, salinity and pH were determined under normal atmospheric conditions in R2A broth medium at 30 C. To determine the salinity range, R2A medium was supplemented with increasing concentrations of NaCl ranging from 0 to 10 % in increments of 1 % (w/v). For carbon-source utilization tests, enzyme activity assays and additional physiological tests using the API 20NE, API ID 32GN and API ZYM kits were done according to the manufacturer's instructions (bioM erieux).
For whole-cell fatty acid analysis, strain EBR-4-2 T and the reference strains A. suaedae KCTC 29256 T , A. ferrariae KCTC 29134
T and A. fermentans DSM 3133 T were grown in tryptic soy agar (TSA; Difco) at 30 C for 48 h until they reached stationary phase and then analysed by GC (Hewlett Packard 6890) and identified by comparing the fatty acid profiles to the TSBA 6 database provided with the Sherlock software 6.1. Standardization of the physiological age of all strains was determined by selecting a sector from a quadrant streak according to the protocol on the website (www. microbialid.com/PDF/TechNote_101.pdf). Cell-wall peptidoglycan and sugars were analysed by the Identification Service of the DSMZ following standard methods [9] . Analysis of respiratory quinones/polar lipids was done by the Identification Service of the DSMZ. Respiratory quinones were extracted and identified as described by Tindall [10, 11] . To separate the different quinones, we applied hexane/tertbutylmethylether (9 : 1, v/v) as the solvent solution. Different quinone products were then removed from the plate (Macherey-Nagel Art. no. 805 023) and further analysed by HPLC with a reversed-phase column (Macherey-Nagel, 2Â125 mm, 3 µm, RP18).
Genomic DNA was extracted with the FastDNA SPIN kit according to the manufacturer's instructions. Extracted DNA was then examined for purity on an ND1000 spectrometer (Nanodrop Technologies). The 16S rRNA gene was amplified with the universal bacterial primer sets 27F (5¢-AGAGTTTGATCMTGGCTCAG-3¢; Escherichia coli positions 8-27), 785F (5¢-GGATTAGATACCCTGGTA-3¢), 800R (5¢-TACCAGGGTATCTAATCC-3¢) and 1492R (5¢-TACGGYTACCTTGTTACGACTT-3¢; E. coli positions 1492-1510) [12] . PCR amplification conditions were as follows: 95 C for 5 min, annealing at 55 C for 1 min and extension at 72 C for 1.5 min for a total of 30 cycles with a final extension of 10 min at 72 C. The same amplification and sequencing primers were used for 16S rRNA genes. The PCR products were subjected to cycle sequencing with the BigDye Terminator v3.1 Cycle Sequencing kit (Applied Biosystems). The products were analysed with an automated DNA sequencer (ABI PRISM 3730 Genetic Analyzer; Applied Biosystems).
The phylogenetic neighbours of strain EBR-4-2 T were identified, and pairwise 16S rRNA gene sequence similarities were calculated via the EzTaxon-e server (eztaxon-e.ezbiocloud.net/; [13] ). Multiple alignment sequence trimming and unidentified gap edition were completed with the BIOEDIT program [14] , and the CLUSTAL X program [15] was used to align the sequences. Evolutionary distances were calculated with Kimura's two-parameter model [16] . Phylogenetic trees were reconstructed by the neighbour-joining [17] , maximum-likelihood [18] and maximum-parsimony [19] algorithms with the software package MEGA version 5.0 [20] . The resultant tree topologies were evaluated by the bootstrap method [21] with 1000 replicates. The genomic DNA G+C content was determined by HPLC after hydrolysis as described by Tamaoka and Komagata [22] . Nonmethylated l DNA (Sigma) was used as a standard. A DNA-DNA hybridization experiment between strain EBR-8-1
T and A. suaedae EGI 60002 T was done for a more accurate genotypic analysis following the method described by Ezaki et al. [23] .
Strain EBR-4-2 T was observed to form light yellow colonies within 48 h on R2A agar when incubated at 30 C. Growth was found to occur at temperatures ranging from 10 to 55 C; however, no growth was observed at 8 or 60 C. Growth was found to occur at pH 6-9; however, no growth was observed at pH 5 or 10. Colonies were smooth, convex and circular with entire edges. Cells were Gram-stain-positive, catalase-and oxidase-positive, non-motile, and short rod-shaped. The different physiological and biochemical characteristics are summarized in Table 1 and in the species description.
The almost-complete 16S rRNA gene sequence (approximately 1463 nt) of strain EBR-4-2 T was analysed against those of representative species within the genus Actinotalea and related genera. The comparative study showed that strain EBR-4-2 T shared 98.7 % pairwise similarity with A. suaedae EGI 60002 T , 96.3 % with A. ferrariae CF5-4 T , 96.2 % with A. fermentans DSM 3133 T and less than 96.0 % with other members in the family Cellulomonadaceae. Strain EBR-4-2 T fell clearly within the clade comprising the genus Actinotalea (Fig. 1) . Meanwhile, the genomic delineation between strain EBR-4-2 T and A. suaedae EGI 60002
T was supported by DNA-DNA relatedness data (the mean of triplicate experiments), for which the new isolate had a DNA-DNA relatedness value of 32.3 % (reciprocal 39.2). These values were well below the 70 % cut-off point recommended for the delineation of a genomic species, indicating that strain EBR-4-2 T did not belong to A. suaedae [24] . 
Enzyme activity: [5] . †Data taken from Yi et al. [1] . ‡Data taken from Bagnara et al. [2] . §Data taken from Shi et al. [25] .
||Data taken from Li et al. [4] .
The DNA G+C content of strain EBR-4-2 T was 74.8 mol% while the values for A. suaedae EGI 60002 T , A. fermentans DSM 3133
T and A. ferrariae CF5-4 T were 72.3, 76.0 and 75.1 mol%, respectively. The major fatty acids (>5 %) were identified as C 15 : 0 anteiso, C 16 : 0 , C 16 : 0 N alcohol, C 15 : 1 anteiso A and C 15 : 0 iso. The major fatty acids in strain EBR-4-2 T were consistent with the major fatty acid components in species from the genus Actinotalea. However, strain EBR-4-2 T contained a high proportion of C 16 : 0 N alcohol, which was not found in the other three strains. Also, qualitative and quantitative differences in the fatty acid profiles were observed ( Table 2 ). The major respiratory quinone was MK-10(H 4 ). The polar lipid profile contained diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol mannoside, phosphatidylinositol, glycolipid, an unidentified phosphoglycolipid and an unidentified phospholipid. This profile of major polar lipids is similar to that of members of the genus Actinotalea, but strain EBR-4-2 T contains phosphatidylinositol which is absent in the closest related strain A. suaedae EGI 60002 T and A. ferrariae CF5-4 T (Fig. S1 , available in the online Supplemetary Material). The peptidoglycan type was A4b, containing L-Orn-D-Glu. The whole-cell-wall sugars were glucose and ribose.
Based on the phenotypic, chemotaxonomic and phylogenetic analysis, it is concluded that strain EBR-4-2 T represents a novel species of the genus Actinotalea, for which the name Actinotalea caeni sp. nov. is proposed. The type strain is EBR-4-2 T (=KCTC 33604 T =JCM 30447 T ), isolated from sludge of a biofilm reactor in Daejeon, Republic of Korea. The DNA G+C content of the type strain is 74.8 mol% (determined by HPLC). 
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